Coupling optimization of point contact detectors and mixers by Bolomey, Jean Charles & Comerón Tejero, Adolfo
= PL. P. 	 (1) 
(2) 
Zi 
Lng+ CC) (a) cle-cM) 12 
	  (3) 
E+
2
(Z)deb-a) . f FtZCaldean) 
ZJ - Z; 
COUPLING OPTIMIZATION OF POINT CONTACT DETECTORS AND MIXERS 
J.Ch. BOLOMEY, J. CAHSMAN, S. EL HABIBY(I) 
M. PYEE(2) 
A. COMERON, J.C. HENAUX, J.J. JIMENEZ, R. ADDE, G. VERNET(3) 
(1) Laboratoire des Signaux et Systemes - Groupe 
d'Electromagnétisme (CNRS-ESE) Plateau du Mou-
lon, 91190 GIF-sur-YVETTE - FRANCE 
(2) Labo. de Résonance Magnétique et d'Electroni-
que Quantique. Univ. P. et M. Curie, 4, place 
Jussieu, 75230 PARIS CEDEX 05 - FRANCE 
(3) Institut d'Electronique Fondamentale. Univ. de 
Paris-XI, Centre d'Orsay, Bat.220, 91405 ORSAY 
FRANCE 
GRECO MICROONDES 	  
One showsthat, for a given IR power, the angular 
width of an illuminating focused laser beam can be 
adjusted to optímize the electromagnetic coupling. 
The predicted conditions have been checked experi-
mentaliy for various devices (Schottky, MIM,Josenbr 
son) at 337, 70 and 10.6 pm. 
In the IR range, point contact structures pro-
vide good performances until wavelengths of fewnd-
crons.The coupling to external fields occurs in the 
free-space, the point contact structure being used 
alone or ín conjunction with mirrors of various 
shapes (corners, parabolic cylinders...).The exter-
nal fields consist of focused or parallel laser 
beams. 
The coupling problem is to deliver to thejunc-
tion located at the tip of the point contact struc 
ture the largest possible part of the power carried 
by the incident beams. For a few years ago, this 
problem has been considered as an antenna problem 
U] C2] [3] 	 point of view has allowed to deter- 
mine the incidente angle províding an efficient 
coupling. A more complete electromagnetic treatment 
[4]1_5] includes more details on the illumination 
conditions and it is then possible to predict quan-
titatively the effect of various parameters of 
practical interest such as focusing angle, defocu-
sing.. 
The consideration of the point contact struc-
ture as an antenna leags us to characterize it by 
its radiation pattern F(ú) in the direction u and 
its input impedance Zi in the emitting situation. 
Characterizing a laser beam by its angular spec-
trum of spherical waves has proved to be very con-
venient, especially for focused beams [5].The par-
ticular case of a parallel eam can also be consi-
dered.The angular spectrum E4*(ú) associated to the 
incoming spherical wave of the beam is a quantity 
describing the angular variations of the field dís-
tribution 4nthe cross section of the laser beam. 
Similarly F(u) describes the angular variations of 
the far field which would be radiated by the strtn-
Cure ín emitting situation. 
It has been shown that the power coupling fac-
tor p, defined as the ratio of the power delivered  
to the junction-characterized by its equivalent imr 
pédance Zj- to the incident power, ín given by [4]: 
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where dm (x
-I'') denotes the elementary solid angle in 
the direction u, 4nd A'2 is the local hermitian 
norm of a vector A. 
The load factor pi, and the electromagnetic 
factor pE vary between O and 1. The value 1 is rea-
ched under the following conditions : 
Z.1 = ZiS" 	 (4) 
-S 
= 	 1.  y U- (5)  
The first condition is well known from clas-
sical circuit theory, the second one indicates that 
the angular distributions of 1+ and are identical 
and that the corresponding vectors describe conju-
gate ellipses (polarization match). When both con-
ditions (4) and (5) are verified, the power trans-
fer from the beam to the junction is total. In 
practice, it is difficult to satisfy exactlythese 
conditions, but it is always to use (1-3) to compu-
te p for any given configuration. This has been 
done for Josephson junctions at 337 pm and predic•
ted values are in close agreement with experimental 
results. 
Relating F and E4- to the practical parame-
ters of the structure allows to point out their in-
fluence on PE. An idealized s.ituati,Rn is illustra-
ted in Fig. 1. Assuming that F and E+ can be appro-
ximated by pulse-type functions (constant in a gi-
ven angular interval and zero outsíde) and there is 
a perfect polarization match, one obtains when 
si = es. 
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Whereá0i , AOi , Jes,Oi and Os are indicated in 
Fig. 1. For instante, for long thin wire structurs 
of length k at wavelength X : Ao . S 	 tC 
For laser beams focused by lenses of aperatureDand 
focal lengthf:p0~ D 
1 	 2 f 
Clearly, concerning the azimuthal aspect, the fac- 
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FIGURE 2 : Idealized varl'ation of the coupling 
coeffícient versus angular beam width -(0i= Os). 
DAS 
condition defines the optimal coupling. 
Oi 	 (7) 
21r. 
The previous formula shows the interest of distroy-
ing the rotationnal symmetry of the structure pat-
tern by means of m5rrors [61. In that case the fac-
tor 2n is replaced by the azimutal angular width 
of the structure pattern. 
The existence of such optimal illuminations 
have been successfully cheked experimentally with 
MIM and Schottky diodes at 10.6 pm, 70 pm and 337 
pm [7:11-8]. Fig. 3 shows a typical variation of the 
coupling factor versus beam angular width obtained 
by using lenses of different focal length. Thisre-
sult corresponds to a Schottky diode whose radia-
tion pattern at 337 pm is given in Fig. 4. 
It can be easily taken into account thedefo-
calization effects by means of the translation theo 
rem. If g is the trapslation vector relaying thet- 






 for the 
the p 
tern F has to be changed in  
translated pattern Fd  such that : 
In any case, expressions (1-3) appear to be 
very usefull in order to calculate the power cou-
pling factor as long as the radiation pattern of 
the structure and its input impedance are known. 
FIGURE 1 : Idealized characterizationof a structu
-






FIGURE 3 : Coupling factor variation(in arbitrary 
units -0.  = Os) versus beam angular widtan
h. The 
of 
arrow indícate the predícted theoretical gle 
optimal coupling ,(60i = A0s). 
FIGURE 4 : Normalized radiation pattern of a 
SchottkY diode at 337 pm. 
experimental 
	
 theoretical (using current truelling wave 
approximation El 1) 
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